We found that trunk and leg fat are related to BaPWV in opposite directions when total body adiposity was accounted for. However, the associations between regional fat patterning and arterial stiffness did not appear to be mediated by low-grade inflammation.
Obesity is a significant independent risk factor for cardiovascular disease (CVD) and other co-morbidities including insulin resistance. Total body obesity (usually indicated by body mass index) is consistently associated with increased risk of CVD and adverse subclinical atherosclerosis measurements of arterial structure and function. 1, 2 Recent studies have focused on understanding the mechanisms and pathways of how specific adipose tissue depots or regional fat distribution patterns impact cardiometabolic risk and subclinical measures of CVD risk. 3, 4 Arterial stiffness assessed by pulse wave velocity (PWV) is regarded as a reproducible marker and independent predictor for atherosclerosis, cardiovascular risk and future CVD events. 5, 6 High PWV values suggest increased rigidity and low distensibility of vascular walls, along with poor vascular function including increased systolic and pulse blood pressure (BP). 7 However, the mechanisms involved in the pathophysiology of arterial stiffness with obesity are not clearly understood. Some suggest that increased systemic inflammation because of obesity may play an important role in development of arterial stiffness. A few studies have shown C-reactive protein (CRP) levels to be associated with arterial stiffness measures in apparently healthy and obese individuals, 8, 9 however not all studies have reached the same conclusion. 10 Greater total body adiposity measured by body mass index or by dual energy X-ray absorptiometry (DXA) is related to arterial stiffness. 11 Regional fat patterns, such as the android body shape, may be more strongly related to arterial stiffness than general obesity. Measures of abdominal adiposity such as waist circumference, visceral adiposity tissue, and trunk fat, have been reported to be positively related to arterial stiffness, 2, 12 even after adjusting for total body adiposity. A small number of studies have also demonstrated that greater fat mass distributed in appendicular sites (e.g., legs), which is indicative more of a gynoid body shape, appears to be beneficial or protective against subclinical atherosclerosis or CVD as compared with central obesity. 4 The aim of this study was to examine whether body fat patterns, i.e., high trunk fat and/or low leg fat, as measured by Background Obesity and arterial stiffness are associated, but fat distribution patterns may be more strongly related to arterial stiffness than general obesity because of the possible increased inflammation associated with increased abdominal adiposity. the aims of this study were to examine whether fat patterning is associated with arterial stiffness, and determine whether these associations are mediated by low-grade inflammation.
Methods
Adult participants from the Fels Longitudinal Study (228 males and 254 females) were assessed for brachial-ankle pulse wave velocity (BaPWV) to determine arterial stiffness. Dual energy X-ray absorptiometry was used to estimate fat percentage of the trunk and legs (e.g., tRUNKFAt% and LEGFAt%). High-sensitivity c-reactive protein (hs-cRP) levels were assayed as a general marker of inflammation. General linear regression analyses were used.
results
BaPWV was positively associated with tRUNKFAt% (r = 0.44 in men and r = 0.38 in women), whereas it was inversely related to LEGFAt% (r = −0.40 in men and r = −0.39 in women). In multiple regression analyses, each SD increase in tRUNKFAt% was associated with an ~1.03 m/s increase in BaPWV in both men and women. Each SD increase in LEGFAt% was related to a similar magnitude of decrease (1.03 m/s) in BaPWV in both sexes. the relationships of tRUNKFAt% and LEGFAt% with BaPWV were attenuated slightly when including hs-cRP in the models, but remained significant.
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Fat Patterning and Arterial Stiffness DXA, are associated with arterial stiffness in 482 predominantly white adults participating in the Fels Longitudinal Study. We hypothesized that trunk fat and leg fat will be differentially associated with arterial stiffness and these associations will be mediated by markers of low-grade inflammation.
Methods
Study population. The sample for the study is a sub-sample of Fels Longitudinal Study participants. The Fels Longitudinal Study began in 1929 and is the oldest continuous study of growth, development and aging in the world. The Fels Longitudinal Study has an extensive amount of body composition data spanning the lifespan for over 1,200 children and adults. From December 2006 to December 2010, 753 adults visited the Lifespan Health Research Center, Wright State University Boonshoft School of Medicine to undergo body composition assessment and laboratory exams. Participants were excluded if they were at high risk of complications for the measurement such as venous thrombosis or previous history of coronary heart disease. For the pulse wave velocity study, 550 participants (73.0% of 753) were measured using the VP-1000, Vascular Profiling system (Omron Healthcare, Schaumburg, IL). Of the 550 participants, 484 participants had complete body composition assessment using DXA. Sixty-six participants without DXA data were too heavy to be assessed because of weight limitations of the DXA device, and two had an error occur during DXA measurement (e.g., movement), resulting in a total sample of 482 participants (age range: 18-92 years) with complete data available for the study. Approximately 53% of participants were women, and 98% were non-Hispanic whites. The research protocol was approved by the Wright State University Institutional Review Board for Human Subjects Research and informed consent from each participant was obtained before testing.
Measurements
Brachial-ankle pulse wave velocity. Brachial-ankle PWV (BaPWV) was assessed twice using an automated noninvasive BP measurement device (VP-1000, Omron Healthcare) on the basis of the oscillometric method. 13 After 15 min of supine rest before the assessment, four limb occlusion cuffs (connected to a plethysmographic sensor and oscillometric sensors) were placed on the participant's arms and ankles to record the pulse waveform of pressure for 10 s. The body distances between the aortic root (suprasternal notch) and the brachium and between the aortic root and the posterior tibial artery were calculated according to the participant's height. 14 On the basis of the foot-to-foot interval of waveforms at the oscillometric cuffs, the pulse transit time between right arm and right ankle, and between right arm and left ankle were calculated. Then the PWV across two arterial segments was determined by dividing body distances by the time traveled over the segment (m/s). A second measurement was taken after 3-min rest following the first measurement. The correlation coefficient between right and left BaPWV was >0.97. Although both measures were comparable, we used BaPWV from the right side in the present study to represent arterial stiffness. 14 The coefficients of variation for inter-observer variability and test-retest reliability were 12.5% and 1.4%, respectively.
DXA. Body composition was assessed by DXA using the Hologic QDR 4500A densitometer (Ver 12.7, Hologic, Bedford, MA) following the manufacturer's protocol. The total body scan was analyzed to yield measures of bone, fat, and lean tissue for particular body regions (e.g., arms, legs, or trunk). The measures of fat patterning were calculated as regional body fat mass (e.g., trunk) divided by total body fat to determine relative fat percentage; (i) trunk fat percentage (TRUNKFAT%) calculated from trunk fat divided by total body fat mass, (ii) leg fat percentage (LEGFAT%) calculated from leg fat divided by total body fat mass, and (iii) the ratio of leg to trunk fat mass (Leg-to-Trunk fat). 15 Other measurements. Weight, and stature were measured following the Anthropometric Standardization Reference Manual. 16 Body mass index was calculated from body weight and stature (kg/m 2 ). A sample of venous blood was drawn from participants in the morning after an overnight fast (> 8 h). Fasting high-sensitivity (hs) CRP levels were measured using latex immunonephelometry at LabCorp (Dublin, OH). Seated, resting brachial BP was obtained through a standardized protocol using a mercury sphygmomanometer. Three measurements of systolic and fifth phase diastolic BP were taken and the average of the last two measures was used for analysis. A history of chronic medical conditions and use of prescription medications were collected by questionnaire. Hypertension was defined as self-reported physician-diagnosed hypertension, or the use of anti-hypertensive medication at the time of examination. Diabetes mellitus was defined as self-reported physician-diagnosis, or use of anti-diabetic medications or insulin. Cigarette smoking (coded as current vs. former/never) was also assessed by self-reported questionnaire. Participants who reported smoking cigarettes, cigars, or pipes were coded as current-smokers.
Statistical analysis. All statistical analyses were conducted using SAS statistical software package 9.2 for Windows (SAS Institute, Cary, NC). The significance level for statistical tests were set at α = 0.05 (two-tailed). Continuous variables, such as BaPWV, were checked for normality and transformed (e.g., log transformation) if necessary. Descriptive characteristics of participants were presented as mean and SD, or number and percentage, as noted. Students' t-tests or nonparametric tests were used to examine sex differences in the study variables. As there were significant sex differences in BaPWV and body composition measures, analyses were conducted in a sex-stratified manner. The unadjusted relationships among log transformed BaPWV ((log)BaPWV), hs-CRP levels, and indicators of fat patterning were examined using sex-specific Pearson product correlation coefficient analysis. In the sex-stratified multivariable linear regression models, (log)BaPWV was used as a dependent variable to ensure that the assumption of the normality of the residuals in linear regression models was met.
To examine the relationships of fat patterning indicators (i.e., TRUNKFAT%, LEGFAT%, or Leg-to-Trunk fat ratio),
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Fat Patterning and Arterial Stiffness regression models were adjusted for covariates such as age, total body composition measures (fat mass and fat free mass), systolic BP, heart rate, current smoking and diabetes status (Model 1). Results from the regression analyses were reported as standardized regression coefficients. Multi-collinearity among fat patterning indicators and covariates was examined and the models were determined to be stable and not disturbed by multi-collinearity. In a separate set of regression models (Model 2), in addition, we adjusted for (log)hs-CRP levels. Further, mediation analysis based on linear regression (Baron-Kenny procedure) 17 using a nonparametric bootstrap (i.e., 1,000 re-samples) approach was conducted using the MEDIATION package in R (http:/cran.r-project.org). 18 The mediating role of hs-CRP levels between fat patterning variables and BaPWV was supported if: (i) fat patterning indicators significantly explained variation in hs-CRP levels, (ii) fat patterning significantly explained the variance in BaPWV, and (iii) hs-CRP levels significantly explained variation in BaPWV when controlling for fat patterning, and the effect of fat patterning on BaPWV was significantly reduced when hs-CRP levels were simultaneous included in the model with fat patterning as a predictor of BaPWV.
results
Sample characteristics are presented in Table 1 . The mean age was 44.3 ± 16.8 years. The median value of BaPWV was 13.0 m/s with a range of 8.4-30.8. Mean height, fat free mass, TRUNKFAT%, systolic BP, and diastolic BP were significantly higher in men as compared with women. Whereas, fat mass, LEGFAT%, and Leg-to-Trunk fat ratio were significantly higher in women as compared with men (all P values <0.001). Approximately 4% of our samples were diabetics, and men had a higher prevalence of type 2 diabetes. There were significant differences in arterial stiffness (P value = 0.013) and hs-CRP (P value = 0.002) between men and women. Men had a significantly higher BaPWV, whereas women had significantly higher hs-CRP levels. Table 2 shows unadjusted correlations among total body fat, indicators of fat patterning, hs-CRP levels, and BaPWV. Variables describing total body or abdominal adiposity were positively associated with (log)BaPWV in both sexes, except for body mass index among women (all P values <0.05). Conversely, increased LEGFAT% and Leg-to-Trunk fat ratio was significantly associated with decreased (log)BaPWV (all P values <0.05). The inflammatory marker, (log)hs-CRP levels, was positively correlated with both whole body and trunk adiposity, while inversely correlated to leg fat. Table 3 demonstrates the relationships between indicators of fat patterning and (log)BaPWV in men and women in multivariable regression analyses. Higher TRUNKFAT% was significantly associated with increased (log)BaPWV after adjusting for age, age 2 , systolic BP, total fat free mass, total fat mass, heart rate, diabetes and current smoking status (Model 1, P values <0.05). On the other hand, lower LEGFAT% or higher Leg-to-Trunk fat ratio was significantly related to increased (log)BaPWV. Log-transformed hs-CRP was significantly associated with arterial stiffness in all models in men, the relationship of fat patterning with (log)BaPWV was attenuated slightly, but remained significant in all models after further adjustment for (log)hs-CRP (Model 2). In men, each SD BaPWV, brachial-ankle pulse wave velocity; BMI, body mass index; DBP, diastolic blood pressure; hs-CRP, high-sensitivity C-reactive protein; LEGFAT%, leg fat percentage; Leg-to-Trunk fat, the ratio of leg fat mass to trunk fat mass; SBP, systolic blood pressure; TRUNKFAT%, trunk fat percentage. a Data were represented as median and inter-quartile range. Sex difference was tested on nonparametric test (Wilcoxon two-sample test). b n = 453 (males, n = 214 and females, n = 239).
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Fat Patterning and Arterial Stiffness increase in TRUNKFAT% was related to a 1.031 m/s increase in predicted BaPWV (following back-transformation from log scale). Each SD increase in LEGFAT% was associated with a 1.027 m/s decrease in predicted BaPWV with all other covariates held constant. In women, there was no significant association between total body composition measures (total body fat mass or fat free mass) with arterial stiffness, but fat patterning indicators were independently related to (log)BaPWV (P values <0.001). The pattern of relationships between fat patterning indicators and arterial stiffness was similar in women as in men. However, hs-CRP levels were not significantly related to (log)BaPWV after adjusting for covariates. Each SD increase in TRUNKFAT% was associated with an ~1.030 m/s increase in predicted BaPWV, whereas each SD increase in LEGFAT% was associated with a 1.028 m/s decrease in women. Table 4 describes the possible mediating role of hs-CRP on the relationships between indicators of fat patterning and peripheral arterial stiffness. On the basis of the results of mediation analysis through nonparametric bootstrap approximation, the mediating role of hs-CRP between regional fat patterning indicators and BaPWV was not supported. The mediation effects were small and the 95% confidence intervals included "zero" for all models. For example, the mediation effect of (log) hs-CRP on TRUNKFAT% and BaPWV was very small with a point estimate of 0.17 × 10 −3 (95% confidence intervals: −0.35 × 10 −3 , 0.87 × 10 −3 ) in men.
discussion
Our study demonstrated that fat patterning indicators were associated with arterial stiffness. In addition, we found that significant relationships between fat patterning indicators and arterial stiffness were not likely mediated by low-grade inflammation in a sample of predominantly white adults over a wide age range.
Arterial stiffness may occur as a result of natural physiological processes (e.g., aging) as well as pathophysiological processes such as atherosclerosis, 11 and may be predictive of CVD mortality and morbidity. 5, 19, 20 Carotid-femoral PWV, BaPWV, brachial-ankle pulse wave velocity; hs-CRP, high-sensitivity C-reactive protein; LEGFAT%, leg fat percentage; Leg-to-Trunk fat, the ratio of leg fat mass to trunk fat mass; SBP, systolic blood pressure; TRUNKFAT%, trunk fat percentage. a Model 1 is adjusted for age, age 2 , SBP, total body fat free mass, total body fat mass, heart rate, diabetes, and current smoking. b Model 2 is adjusted for all covariates for Model 1, and log-transformed hs-CRP. c Data are standardized coefficients (β) and P values from multiple linear regression models. (log) BaPWV, log-transformed brachial-ankle pulse wave velocity; BMI, body mass index; (log) hs-CRP, log-transformed high-sensitivity C-reactive protein; LEGFAT%, leg fat percentage; Leg-to-Trunk fat, the ratio of leg fat mass to trunk fat mass; TRUNKFAT%, trunk fat percentage.
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Fat Patterning and Arterial Stiffness a measure of aortic stiffness, has been significantly associated with increased risk for subclinical disease and CVD mortality. 5, 20 Although aortic PWV is considered the gold standard measure, recent studies also support the use of another index of arterial stiffness measured between the brachial and posterior tibial arterials (i.e., BaPWV). As a measure of peripheral arterial stiffness, BaPWV encompasses a broader arterial tree including the distances between the aortic root to the brachium and between the aortic root to the posterior tibia. 13, 14, 21 BaPWV appears to be well correlated with aortic stiffness measures. 20, 22 It is also significantly related to cardiovascular structure and function and future cardiovascular events 14, 23 and is predictive of future cardiovascular events. 24, 25 We should note, however, that BaPWV and aortic PWV (e.g., carotid-femoral PWV) measures are not interchangeable. Our study corroborates previous work showing adverse effects of trunk fat and protective effects of leg fat on peripheral arterial stiffness measures. 4 In previous studies in the elderly, higher trunk fat mass was associated with various measures of higher peripheral arterial stiffness such as distensibility coefficients or compliance coefficients measured at carotid and femoral arteries although there was no significant association between trunk fat mass and central arterial stiffness measures. Greater leg fat mass was also inversely associated with arterial stiffness. 4 Compared with other studies, it is noteworthy that in the present study, the differential associations between regional fat patterning and arterial stiffness remain consistent even after adjustment for age, and total body composition including fat and total body lean mass. Our study sample includes not only middle aged to older adults, but also young adults, a relatively understudied group in terms of arterial stiffness. 26 In addition, we included total body fat and lean mass measured by DXA as covariates in regression models in order to adjust for general adiposity and lean mass which is likely to be associated with BaPWV.
The mechanisms underlying associations between fat patterning and arterial stiffness are not well understood. It is now well-established that adipose tissue is an active endocrine organ secreting many signaling factors including inflammatory cytokines, such as TNF-α and adipokines such as adiponectin. 27 Further, there is some evidence that different fat depots (e.g. omental vs. femoral-gluteal adipose tissue) are metabolically distinct in their production of adipocytokines and in lipolysis, and may have opposing effects on cardiovascular risk. [28] [29] [30] Subcutaneous adipose tissue, particularly femoral or gluteal adipose tissues are likely to exhibit different metabolic processes or lipolysis than abdominal adipose tissue. Because of the limitation of the DXA technology, it was not possible to distinguish subcutaneous fat from intermuscular adipose tissue, or intramuscular fat in the thigh in the present study. It has, however, been demonstrated that most fat stored in the leg is composed of subcutaneous adipose tissue rather than intermuscular adipose tissue. 31 Therefore, it is likely that subcutaneous adipose tissue in the leg, or high LEGFAT% is most likely to contribute to the negative association between leg fat and peripheral arterial stiffness. 32, 33 Several epidemiologic studies have investigated the independent relationship of CRP with arterial stiffness. 8, 10 However, the mechanism explaining the opposite relationships of trunk fat and leg fat mass on inflammatory markers and possibly further arterial stiffness remains to be explained. Our results demonstrate opposite effects of regional fat depots on inflammatory markers, (i.e., hs-CRP) supporting the results of recent studies conducted in white and Chinese populations. 26, 34 However, we found that hs-CRP levels which indicate low-grade inflammation in the body appear not to mediate the relationships between regional fat depots and arterial stiffness in the present study. CRP levels explained a small proportion of the relationships, only in men. This finding is similar to the results by Snijder et al. 4 Further, the mediation analysis demonstrated that hs-CRP did not play a significant role in the relationships. To our knowledge, our study is the first to indicate that regional fat patterning is associated with arterial stiffness independent of general obesity, and that the relationship is not mediated by low-grade inflammation as measured by hs-CRP.
It is important to note that this study has some limitations. This study is based on a cross-sectional analysis so it is not feasible to establish a causal association between fat patterning and arterial stiffness based on our data. Longitudinal studies of regional fat depots and arterial stiffness are scarce, but further study on changes in peripheral arterial stiffness and regional fat distribution has begun in our study. Also, our examination of the role of inflammation is based on only one marker (i.e., hs-CRP). Other cytokines or adipocytokines may play a more important role in the process of arterial stiffening. 4, 35 For instance, leptin levels were reported to mediate the positive relationship between trunk fat mass by DXA and aortic PWV in the Baltimore Longitudinal Study of Aging. 35 Therefore, the lack of mediating effect by hs-CRP would not entirely exclude the possible mediating role of other inflammatory markers on the relationships between regional obesity and arterial stiffness. In addition, the study sample is mainly composed of European-Americans (whites), so the results may not be generalizable to different ethnic/racial groups. Finally, BaPWV, brachial-ankle pulse wave velocity; CI, confidence intervals; hs-CRP, highsensitivity C-reactive protein; LEGFAT%, leg fat percentage; Leg-to-Trunk fat, the ratio of leg fat mass to trunk fat mass; TRUNKFAT%, trunk fat percentage. a Point estimates and 95% CI were multiplied by 10 3 .
Fat Patterning and Arterial Stiffness because participants with vascular complications, history of CVD, or excessive weight (a limitation associated with DXA) were excluded in the present study, it is possible that we underestimated true relationships between regional fat patterning and arterial stiffness or the effect of mediation by hs-CRP on the observed relationships between fat patterning and arterial stiffness. Our results are, therefore, generalizable only to relatively healthy individuals. In summary, we have found that TRUNKFAT% was positively associated with arterial stiffness assessed as BaPWV, whereas LEGFAT% was inversely related to arterial stiffness. This suggests that regional body fat patterning indicators are differentially associated with arterial stiffness independent of total fat or even of lean mass. Interestingly, the relationship between regional fat depots and arterial stiffness was not explained by mediation of elevated hs-CRP levels. Our study results and others on fat patterning and arterial stiffness may provide important insights for prevention and intervention strategies in weight loss. Other studies have shown that weight loss was related to arterial destiffening. 12, 36 Therefore, targeted weight loss of the trunk or abdominal fat, while protecting fat loss in the lower body (leg), may lead to improvements in cardiovascular health. Future studies are warranted to examine prospective relationships between changes in fat patterning and subclinical measures of CVD and to identify other potential mechanisms linking fat patterning and arterial stiffness.
